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FOREWORD 


1 have great pleasure in presenting to inter- 
ested readers the second part of Ganita* 
Kaumudi by NarSya^a Pandita, now completely 
edited by Pandit Padmakara Dvivedi, lately of 
the Government Sanskrit College. Benares. The 
drst part thereof was published as Ko. 67 of 
the Princess of Wales Sarasvati Bhavana Texts 
Series in 1986^ and for various reasons, which 
need not be stated here, the remaining part had 
to await publication till now. As shown by 
Pandit Padmakar Dvivedi in his Introduction 
subjoined to this part, the work is of consider- 
able merit and was intended to be a substitute 
for Bhaskara*s Lllavatl. In his treatment of 
Magic Squares especially, the author struck out 
a new path and anticipated even the European 
Mathematicians. As the theory of Magic 
Squares has not progressed much since then, 
the present work will no doubt be of great 
interest to those who are interested in Indian 
Mathematics. 

Pandit Padmakara Dvivedi is to be thanked 
for bringing this important work to light. 


Sabas VATI Bhavaka, 
Benabes, 30'10-19^2 


M. D. SHASTRI 



INTRODUCTION.* 

A 

The names GaQita*!CsQmud1 or QagiCap&tVEanmQdt 
•d work on Aritbmetic» oomposod in L356 A. D. and of its 
anLbor, N&rdy&Qa PaQ4ita, son of J^arasidika or Iffsirhha, ut 
not anfamiUar to researoUors In Indian Matboinsticai Manus' 
arfpts. Amooi; Buropeau resaaroLerfir Mr. Oolebrooko^ was 
the firati who revealed the sxlatenoe of ao inoomplete manue- 
orlpt of NArfiyaqa's Ga^ita-Kanmud!. Oa^cJa DaiTaJfia (born 
In 1S07 A. D.)( eon of Eelava» Inhabitant of Kandtgrftma in 
Krialua Dlatrloti has also mantioned the name of tUa author 
in his oommentary» called BnddhivUftsinli oomposed in 1516 
A.D,, on Bh&skara*e LlUvniti a treatise on Arltbznotic, Tbercin 
Uf> writes : I <ld lUI 'ntrtr^nWift*fcHK^W TOrf ff 

TTtl I ” 

This loQompUte mannsorlpt was desorlbod as ooutednipg 
only tbe last two obapton (VyavohAras XIII mid XIV) on 
Oombi nation (Ahkap&lu) and Mugio Squares (Sbudragunlta) 
respcoUvaly. 

In each of the LibraiHes of tbe India OCDoe, London, and 
Oambridge, an luoompleta luanuacrlpt oontaining only the last 
two obaptors Is preserved, (Kos. 596 B and 77 respeotlvely). 

After the death of toy revered father M. M. B. Budhakara 
})vjvedi« I disoovai'd a oomplete manosorlpt of this work In his 
coUeolion. I immediately set to work upon It and dleooverod 
that altbongh it was in many respeats better and more oorrsot 
Lbao the portion of it available in tbe India Office Library, 
yet it required acme emendations before it ooald be mode 
intelligible. A full disoussion of tbe places where I soggest 
improved readings is given below for tbe information of the 
readers. 

As printed in tbe Oatalogne« Chapter Xlll begins 

^ir?f fgsRf pi: 


• This iudtroduction was published u an article lu tbe SaraavaU 
Bbavan etudiee. Yol. IT. pp. 89*107. It ia reprodaeed herewith alight 
uiodifioatioua io the mWeat of tiioee readers who liod qo opportouity 
to go through it, £d. 

1. Colebrooke, Algebra of tbe Hiodu^, P* 116, foot note. 



( a ) 

The second half of the 6loka gtammetically ^roiig, for 
iLore is do rerb to the noun fWPT:, and the word xm repented 
twice bee no each raeanlng as tc connect or clear the sense 
of the Sloka. Hero I may aay that the oopylef, white copying 
from some older mennscript, inieuaderstood ^ for ^ in the first 
f^dand for*^ !n the second, as there are slight differ- 
enoes between their shapefl and little when wriUea wiib mdiffer. 
eol rapidity, and did wrongly by taking over ft from the 
diet and oonneoting it with the scoon d word ^ which should 
be Eence, inacead of the read! tig twi twf [ would suggest 
ftsvl%*nT, so that the correct reading ot the above-men Honed 
Sioka. after emendations, la 

mi nqf i 

Vf 3«tt 5*1^ fiT ^ d ^ 

After these emendations, the learn ad readers will see that 
the pnrport ot the ^loka becomes clear. 

As printed in theOalalogne, Obtpter XIV begins : 

itSf^ tpni 

Oenerelly Ibe work has been written by Kgr&yaoa Papdita 
in Aryg metre. As a rule^ an Ary& Obbandsl;i baa twelve 
m&irAe in Its first and third feet and eighteen end fifteen 
m&lrfta In Uie second and fourth respeolirely. The above* 
mentioned Sinks seems to he in £ryA Cbliandah, because its 
third fool K'l™ conialns^ I waive in Kras, being 

lens* having preceded h nnd its founh foot^ 

mi (^n<V^ontalna fift<?an mllrfts. Therefore it 
is ooQolnded tbui Its first and second feet must contain twelve 
and eighteen m&ir&s rvspoctively. Bot oo obBervstioo» the 
first line of the Sloka la not found to ooniain thirty (twelve & 
eighteen) mdtr&& H*nce some in girds are wanting in the 
first line to make the Sloka an Ary&. 

lo the msncBoript in my poBsCMsion, Chapter XIV 
begins 

t This V6I7 re&diog sppean io e Ms, of GftQita-EexiCDudl reoeotly 
aoqoired for the Santsviti Bhsv&n Iithrsry (Vo. E. 14CC). 

% ^ qi$ arc y i iinirewT 1 ^ i 



( n» ) 


In this too. 80 ino u&tr&s are Tvaotmg in tha first liao to 
make it abide bf tb« rales of krj& Obhandshr and there is 
DO verb to the agent in the seoond Une. Soratinising 

oloeel; Ndr&^aQa’s stple and Dsage of words, 1 ehoold like 
to have the word m for the first word of the ^loka, as for 
inaUQca the ope ning finite of Obapter XZH begins with the 
word *W ( rri3iSiPTs?f< eio. ). Now i f we place the word W 
before the reading d even then the 

first line does not oontain thirty mgtr&s* Comparing these 
two different readings I may acggeat the following reading of 
the Sloka : 


«w wrftiiTffpT \ 

lly this emendation, the noun nftrff'C baa Cor it£ verb 
and the oloke becomes an Aryd in Its true form. 

At tbe end of the first line of the first ^loka of Chapter 
XIV, there is a mark (?) of doabt. attached jnst after the 
word MlftirtAR as printed in the Catalogue of the India Office 
Library* In order to clear the meaning of the word 1 m«y 
qooie here the dloke Mxi to theabov6<mentloiied one from my 
own manDSCript, which does not appear ip tbe Catalogao : 

In this Sloka the word fRWt (w nftprt*T shows 
that this Oanila (Magic Squares) has already beau taught 
before and now the author ( NAr&yaoa Papdlte) deals with 
tbe snbstanoe of (bat Capita, called Bbadragapita. By whom 
and to whom bad this subjeot been previously taught ? The 
answer to this question is fouud embodied in the emeu'W 
first Sloke the prose order of whieh is“WV itfW 

( ( iwv ) trftfmnT 

l. e., this true Capita, related to ariibmeticel progrrasioa, has 
been taught to Mftpibbadra^ or Ma^ibbadra (a name of the 
King of Yakpaa by ISa (Sivah inter of three Bhavaaas. On 
account of its being taught to MAplbhadra. the Capita ie called 
after hia name na ShadragaDlta. Juet aa the Son taught tbe 

4. There ie &o differeeoe hetweeu Uepibbadra and Sfanibhadra. 
Tide Index to the nemesiatbe Uobsbhirata by tbe late S. eoreoBeii. 
Fh, D, page 464 and SaDBkrit*EQglUh OktlonAry by Uceler Williams, 
hf. A., pages 731 aod 76$. 




{ iv ) 


BCieuce o< Astroaomy to Maya, BrabcDA to bis eon 
PoUia to Gargat Va^is^ba to bia son Par&^ara apd ao oq, 
similarly KftrftyaQa Pasoi^itA basmeDlionad here tba tradHIon 
ibat (be god 3iaa ta a ght this GsQila to MAnibbadra. an ip lor* 
pretalioD rogardlcB xvbicb thoro appears to bo not a abade o{ 
doubt. 

As printed in the Calalogno, Cbaptor XIY sods : 

Jffrt >9 d* srg<d^d%f (df) 

Iq my oanoKrlpt tbo last huo rons tlios: 

1 preUr this reading. 

Tbo roadlDg of the aooond dlokaas prlntod Id tho Oata* 
logQO is aimllar to (bat of the maDueoript with mo. 

Tbo third Sloka prtoted in tbo CatalogQo ruos thoa : 

TOwfdTl 

^drerfft^r 

Instead of HtV# and HKiAitf my manoBorlpt 

has «nr^ and *nrr*i«fafi reapeotively. Bat I may 

snggesC tbo following reading. 

«rr?5^45«r i 

53?rr* || 


# Or U may be read ss j 


( T ) 

The Slokd, nest to the above meDtioced ooe, as printed 
m the CatslogDet runs thae : 

H ! I 

5ft?r [-] f5<i II 

The word in the second line Is grsmnaiicoUy wrong* 
u il is an adjeoUve qaelifying the nonn in nnmber 

and gender; so il ahoaid be for Che Umiuine form of 

is and not . In the ouoloaed space the word 
should he placed, hs in my mannaoKpl Che Iasi line mne 
Ihua: 

Lastly, both the mannsorlpts have the following Sloke, 
wblob fixes the date of the com position of the work-^ 

*5 ^TjJr UT% i 

i, e., the Qaniia (BhadraganUt orOaoUa Kan mndl) Is finished 
on Tfanrsday, 2nd TUbI of the dark b^f of the month 
KdrUka In D arm oh ha Sarpvatura, in U78 Saks. 

B 

Contenta of the work 

Now it may not be out ot plsoe to doal with some of 
the toptoa treated In tbe Gaplta-E!aamQdl. 

Ganita^Kaumndl is divided into fourteen ebaptere, eaoh 
obapter being called a Tyavah&ra. Tbe first chapter begins 
with the following §Ioka i— 

After this, the notatlonal plaoee are mentioned by the very 
nsmee mentioned in BhSshara’e Lll&vat!^ with a little difference 
iu eynonyms ; thus lor ‘•i^ (10)’* and 

(10)’* Ganilaksumnd! has and ^<WK respectively. 


r 


( Tl > 

(a) The Clepsydra 

In the terminology relstinglo money meMores, the velueo 
of a Dramma OP'D and Niefra (m> as given In Gapitakanmndl. 
differ from those given in the L!l&vat). Bhdskara writes that 
16 Panas (to) make one Dramma and 16 Dmtmiiss make one 
Ki^ka ora sold ooin, while Kftr&yana says* that twelve Papas 
make one Dramma and $t Drammas make one Nipka, 

In the terminology relating to the meeenrementof gold, 
Ndrdyapa menlioos the name of TqI& QplO which is not lonpd 
in the LlUvatl and says that one Ttilfi is equal to hundred 
palas ( ^ ). 

In the terminology relating to the measaremsnt oC space, 
Uhiskara says that (our Hastes or oublts make oue I>ap<la 
( guv ) And that two thousAod Dapjas make one Kroia ( X 
while Mariyapa writes i, 9 . ten ICams I or 

Kflatas ) make one Dapdu end eight hundred Daodes make 
oue Cro<a But here U should bs remarked that tbe number 
ot Haatas In aEroiaiitbo same sooordiug to mb author's 
oonitrootioD of the Clepsydra. 

Kir Ayepa has mentioned the name of Df^atker&hgulA 
( ), whioh is equal to ^ 

(length 24 A6g) X (breadth 16 Aflg) k (height 16 Aflg). 

As tbe number of AAgnlas In a enbie hand 

«s24x 24x24 (A Haslas24 Adgules), 
therefore tbe number of Dripatkanxdgdlas la a oohla bend 

, 24X24X24 
24X16X16 * 

Bence Karftyaga writes r 

firt:-(24) ^ (16) ^icr-ae) 



*nst ft 

(H) w: j 


( ni ) 

Id the terminology relating to the meaenromeot of grain, 
^£riyana writes : 

?fwftr?nrq-(2l6) <TT(»wm i| 

I. e„ twenty Kn^a’M (5¥T) make one Khftri (W<t)t 
a PgdikA ( i{l4«i ) should he reckoned ae eqoel to the eixteentb 
pan of a Cndava and there are £16 on bio Abgiilaa in a P&dlki. 
How the ToUime of a P£dfk£ In onbio AhgnlHB » £16s6^ 

ci 1 1 

ItB volume in onbio Heeta ? 7 z~”Tr 

£4 4 * 64 

The namhei* of a ?&dfki in a KI>Ar1 = 16X£D«*3£0 
the volume of iCbirl in eabto Haata 



Thii ahowa that tbe Kbarl whioh i« mentioned in OitpitA* 
Kaumudl ia eQual to five times ibo UagaUha KbftrT, mentioned 
by BbgeknrachArya in hla LH&vhH, for ncoording to BhAakara. 
a onbio Knit a. whrn as(»d tnr tnenanring graiin la called a 
MagaiibnkhAri^ (m«ra«nfr). 

In I I lie opmiinn rolatlng to ^ero» Kdrgyapa 

wriira ; “ew uifO sft^s I 

aliprftril iw #f?: i o«y *’in thia work 

00 Ariihmetlo* as tbe public in their comiDOn buelneea do not 
nae it. kbahira la not mentioned ; but oa it is oaeful in 
Algebra, 1 have dealt with it in my Algebra’^ This gUea a 
olue to tbe feet that l^&rfiyapa bad also oompoaed a work 
on Algebra before hie work on Arithmetic. ^An incomplete 
minnicrlpt of thia work on Algebra upto (Alfected 

eqntre) is in the Prinoesa of Wales Barasvail Bhsvana 
Library, Benarea» and beara the Uile of NgrAyaplvTlam 
(*TOtrafh^). 

I do not know, how, in Gapakataraflgipl by my revered 
father (tholaie Mab£mabopadhy£ya Pandit SodbakaraDvivedi). 
this Algebra waa supposed to be composed by another 
mathematician aemed Hirdyspa (who nonrished in 158S A.D.), 
son of Oovlnda aud tutor of fdnnttvara, when on the £8nd 
page of the same inoompleCe manaaonpt, there ia written : 





( 7Ul > 


&. similar senteoce U foaod writtso at the ead o£ eacli 
cibaptsr ot (^^ita^kanraadT* Uoreover, the formala given in 
this Algebra fer fiiading the apprezimate root of irrational 
QQmbers is found in Vargaprahpti Vyavahfira of Oaplta- 
kanmndl also. 

Now I should like to deal here with some interesting 
quostions and their formulae as foand under the beading 
«pr ^ i. e^ now some ooriosH? in squaro is 

told with my proofs. 

Qi 1 . What are those two nomberst the sum or differ- 
enoe of whose squares, with nnity for additive, becomes a 
square. 

Proof s— 

Let X, V bo lUe numbers. 

Then by the condition of the question we bavo 

eqnai to a square, but this bolds good 

when d5^*d=y*or af* 

In lerms of one unknown quantity the numbers 

are ^ Now giving an arbitrary value (not less than 2) 

to y we CAD easily find those two required oumbers. 

Whereupon NdrAyapa oolns this formula ■. 

CEt atrsfl i 

^3^ *151% WI: || 

An arbitray quantity soppoaed is the first (required) 
onmber)iQd half the square of the first Is another (required 
number). The sum end difference cf their squares with 
unity for additive yields square roots. 

Here it should be remarked that this formula becomes 
valid in the case when the first umber is not less than two. 

Q. 2. What are those two numbers, the sum or differ- 
ence of wbese squares, with unity for aubtrac^ve, becomes 
a square ? 



Proof 


( « ) 


Horo if wo SkippoK to bo wboro orbi* 

trary quantity, then by Bbaakara'e formula’, tbo required 
numbera are 

Hence KArAyapa^g formula 

frrotSfll8S?«?: 5qr?C I 

«r?T^5 CTtJt lyrt ^mmw 

The 6 ret required n amber ie the onbe of an arbitrary 
qn amity eup posed, anotUer (required number) is half the 
square of tbo square of tho arbitrary quan I Ity supposed i plus 
unity* The sum and dlfflerenoe of their squares with unity 
for snbtrAOti«e yield square roots. 

Q. 3, What are those two nnmhori the produot of 
whoso enm and difference, plus unity, becomes n square ? 

Suppose 2(a?*“ are the two numbers. 

ThCD by the coDdliloo of the problerUi 

We have {20«*+v’)} {8(**— y*)}+ 1 equals to a square. 
But this bolds good when 

4(a^-y*)+l 

or 42^— 4y^ + l is equal to a square 
or when 2. 2^’. Is4y* 
or when ** ■ y* 
or when x “p® 

SubatUuling ibis value in ( L) we get the numbers. 

2(y^+y^J aud 2(y*-y») 

7. mWr q’T* qrsRejpsft sw*t: i 
^ CT?n 11 

Ifor ita proof see Bhialcara's Arithmetic, edited by my father. 


< X ) 


Now giTiDg ixiy arbitrary valua to yy we can get the 
retailed two numbers 

Hence the an thorns formula : 

fs«RyfefSs! ^nfmair i 

sn^ II 

Write tbe aqoare of the square of an arbitrary 

qaantlty eopposed, atone place add to, and at another place 
anbtraoi from it, the square of that supposed number, multi* 
ply tbeae by 2, Chen the product of tbeir bod and difference 
pins unity becomes h equate 

Q. 4, What are Ihose two numbers, tbe sum or 
diHerenoo of which bccomee a square f 

Hare we It now that **+j/*d32xy*(«±l/ • 

/.The first nomber and another "firp. Now 

giving arbitrary valuee, bat unequal values in the ease of 
tbeir difference, tea and V easily find tbe required 

numbers. 

Hence the aatbor*i form d la : 

dtfift n fttfl^i Bif: II 

The sum of tbe squares of (wo arbitrary qoan lilies 
supposed Is (he first aumber, twioe tbe product of the two 
supposed no inhere is euolber, then tbeir earn or difference 
taken separately becomes s square. 

Q. 5. What are those two numbers, the sum or diSerence 
of which becomes u square and whoso prodnet becomes a 
cube ? 

According to the preceding fomuls, iho two numbers 
and 2xy, when multiplied by the square of any 
quantity, say by s’, are the two mumbera to be supposed. 

Or 

Supposes* («*+p*) and 2;rpa* are the two numbera. 
By this supposition the two conditions I tbeir euro and 
difference become sqnares) are satisfied. 



By the tUird eoDdition W9 bav« 

{ C^* + v’) } { } equal to a cube, 

or z* 2a:y + 1^*) eqoal to a oabe. 

Bat thie holds good when 


(rt 


a ,4 






(g*)* 

{2tv U> + y*)}‘ 


where asBQ7 erbUrary qiiontlty. 

BabatitntiQg this ^olne of s* in the ncmbera eoppoaedr the 


namb«« become +„«) 


Kow giving erhilrery valnei to iv, y and a we can get the 
required two nomberi. 


Hence the formnla~ 

^r^VT^r qnf erH 11 


The aforueeid two immhert when mnUipUed by the 
quotient obtained by dividing Ibe iqaaro of the cube of an 
arbitrary quantity by the square of their prodnott are the 
nombere required. 

Q, 6. What are tboee two nnmborsi the eum of whose 
squares beconea a cube and the snm of whose cnbee becomes 
a square ? 

Suppose — are tbe two aumbers. where 
V* V* 

g* any arbitrary quantity. 

Then the sum of their aquares ■ n ' * ^ which 

iSi by the condition of (be question, a oabe. 

But In the above espression, tbe first faotor a'^ is 
evidently a cube, for It is equal to (a*}*. 


Kow if 


i+£i 

V* 


be a cube) then the oonditlou of tbe 


problem may be satisfied. 



< lii ) 


Suppose 1+**“^ •y-l 

V* V* 

/. »*A/y— I 

SttbetitQtitig tbis Talue of s in the anmbera supposod, we 
get the nambers ^yRnd 

Kow, by tbe eoQdltloQ of the quosUont the sen of the 
oabes of (hue nombere Is a sqaare, 

Cy ) + C~^Jr^ ) liUBJnare. 

0, 1+(P 

As the Arst factor m is evidently a sqoere, 

now to Botiify the oonditlOD l*^(p — ])^ mnst be 8 sqaarOi as 

Boobr the expression l+(p—l)^ becomes A sqtisra in tbs oaee 
(the least Tslae), 

For 1+4^— + » 1 + 8 **9*8 square 

and 


- [ is n sqimre. 


SabsUtatiog tbese vslaes of .tend pin tbs two n ambers 

9^8 

Bapposed,.we get the osmbers sod . Now giving any 
arbitrary value to a we get tbs two required nombera. 

Hence the anthor's f ormnla 

^*1 I 

Tbe square of the onbe of an arbitrary qaan^ty is the first , 
and twice tbe first is another ; these when divided by the 
aqaare of five are the reqairsd two nomberSi the enm of whose 



( xHi ) 

squares beoomas a oobe, and the 8uoi of whose cobea becomes 
a sqaaro. 

Q. 7* Wbatia that number which when moUipUed aepa* 
ratel; b? two mnUlpUore» and unity being added to each 
prodadi becomes a square ? 

Suppofld X ie the Tcqulred number aud two muIUplIera 
Tna and me reepcoUvely. 

Theo by the coudiilou of the problem* we haTe 

Ml «+ l*y* (euppoee).., 

and mi (euppoae).... <2) 

Kow by eubtraetlon* we get 

(mj— m») — a*)*(v— ») (v+e) 

Buppoee (mt-mi) (8) 

/- W) 

Adding (3) and (I)* we got 

(mi— mi) 

•’* 0«i -fltt I 

» + mi) 

‘Zk 

Bquarisg both aides we get 

t _ ** + 8 j*^ (mi— mi)-f />* (mi— m>)* 

y 

But by soppoaiUon p * = m i «+ 1 

a* + 8rft* (mi ^mi)+A* fmx— ma)* , « 1 

.. jp 

0 Tx* + 2ah* (mi— wi)+ft*(mi— mit* a 4A*«i *+4A* 
or ** — + 4**— fc* (mi— mi)’ 

Adding ft* + to both aides we gel 
;r>— 2ft’^ (mj + me)+ife* (mi + mf>* * 4fc*— (mi-mi>* 
+ A‘ 0«>+»»i)* 


( XIT > 


or I I (ft’mimi+lJ 

Taking square roo», 'we get 

iC— A* (CTi + m*)* i2fev/ir*iniWf4-l 

(mi+m0i2>ypm,#ni + l (5) 

Now a tbe addiliTe is unit;, tbe Inst ?itlQe llial un be 
iiUoted to j deeerfeg to be zero, as ibis value of x eatisdes the 
equaUoDB U) and {^) 

Tu this QQBe, when x» c, we must have 
Aj*(wx+»n>) ■ Sfes/5*mimt + l 
or &• {mi + mi)*«4A* (**«iwi+I) 
or + •4^4mimt + 4i* 

or ft* (nu — we)’ *4ft* 

••, ft* - n- or ft- . ^ - 

m?— 'Wi 

Substitotlng ibie vaiae ot k In taking tbe upper sign 
In the Tlgbl-bend expression we get er>0 

*(f«» + mi) , i'% / 4«iwe 

i. e, a? ■ II I «« »» , , • T » - 1 k / • -- + 1 

(ffli-nje)» (mi— wi) ^ 

_ 4 (mi-ffwQ . 4 . / (wi + m e)* 

(w I —mV)* (m» (« I — 

. 4jMj_+M>), ^ 4 (m> + w*i 

(«i— Ml)* 


8 (mx + mi ) 
(tin — fflt)* 


nenoA Ndrftyana'B forisnla : 

jfW irftRNt iWl ^‘TrNat 


Write in two different places tbe products of tbe required 
number and tbe two mnltipUere, add noity to each of the 
produotSi each of the expreselons (tbns fonnd) will be a square. 
The reqnired nnmber ia equal to eight times the som of those 
two multipliers, divided by tbe square ot difference of 
those two multipliers. 



( XT ) 


lo cbaDter Z, ander the headiDg of WT ipiyjPi: or affected 
squerrSi Nftrftyeoa hae girea & rale for extractiog ibeaporoxi* 
DHte square root of irrational nombers by the help of affected 
squares. His rule rune thus : 

^5f sms «r?sT 9 i 

We eboald soUe rhis indeterminate equation 

Ifc**+ I— V* where o“coeffloient- lb e irrational nnmber, 
of which the approximate root is to be extra cted ^ ««ibs least 
Pada (V^) and ^*tbe greateat Pada tben the 

diviaton of the greuleet Pada by tbe least alves the approximate 
root of the ooefflolent, l.e.i of the irrational nomber. 


If X- 6 

V« 19 


v*m ' 


y* 27379 J 
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27379 

365S 


At tbe end of tbia chapter tho author baa given a role 


for testing tbe product of two nnmbora. Tbe rale rnns : 


Divide the multipUcant and mnltlpUera by an arbitrary 
quantity, get lbs prod not of the two remalnd ersi found thus by 
division I divide ibis product by the assumed oomber, if tbe 
remainder, thus f on ud| be sqnal to tbe rercainder found after 
dividing the product of tbe multiplioant and multiplier by the 
same aiaumed nnmber, then tbe product is correct, As for 
instance, 1 suppose S9 — multi plioant, and 17smQUipllcr and 
their prod act *493. Take any arbitrary quantity, say 3 ; 
divide 29 and 17 by it, we get tbe remainders 2 and 2 red* 
peclively. Divide tbe product of tbese remainders, i. 0,4 by 3, 
tbo remainder is unity; dividing i be product 49H by 3 we get 
the remainder also eqaal to unity. Then as tbe two remain^ 
ders ere equal, 493 is tbe true product of 29 and 17. 

7’his very rale of Niriyspa is found in Luca Pacioli's 
iLneus de BurgoV) Bumma de AHibmelica printed iu 1494. 

Magic Squares. 

Magic Squares are figures resembling a obess'board in 
which the terms of an a rlth metical progression are so arranged 
that their sum, whether token diagonally or by rows or 
oolnmns, is always tbe same. 

The coDstracilon of snob magic squares containing an 
odd or even number of cells had been known to the Hindus fop 


( xvi ) 

a lOQS time. la Tautra S^slra tho7 are called Tantras. As 
they were sap posed Co possess mystical properties, Che; vere 
kept secret and were sot dealt with Id Arithmetlo b; lodlaa 
raatbeoaticiaQS. Bat N&rSyaoa. dotting this sopersticioos 
belief, touched npou the subjeot of magic Kaares noder (be 
Ueadiog of BbadragagUa and gave dofiotie rules for the coQStruo< 
tioQ of them coQtoioing an c^d or e?en number of cells in the 
last chapter (XI V) of Lis Oepits^ksumndlf whioh as belag 
noearthed now oorroborates the face that India invented Msgio 
Squares which had already been dealt with in Bhalrava and 
diva T&n^iive, Tantras prior to the GagUa'kaamudl Though 
unaware of them, J. P. Montucla guessed that magio squarea 
were known to the Hindus, but of this he had no certain 
evldenoe, as stated in bis Hietoire des Uathematlquas (Paris, 
1302). But GauitS'kaumodir as composed in 1356 A. D., 
preoedei all treatiaee on magic squares written by Europeans. 
In the fifteenth oeuturyi Manuel Moschopulus. a writer belong* 
ins Co the Bysahtine school* introduood into Europe, maglo 
squarMr which long after found a wider diffusion through 
Philippe de Labi re 0610*1718) and Xarl Brandon MoUwelde 
(1774*1815) who iu 1816 A. D. oolleoted the scattered rules In 
a book, Oe Qnadratis Magiois. 

hllcheal fitifel (UK6«I567), sometimes known by the 
Latin name of Stlffelius, was the first to invesUgate them 
in a BOlsuUfio way, Although Adam RIese (1492*1559) bad 
olready Introduced the aubjeot Into Germany, yet none of 
them waa able to give a simple rule for thaJr oonstruotion. 
Towards the end of the aisteeath century auoU rules were 
known to a few German mathematicians, as for instonce, 
to Pater Roth, the Rcchenmaiottor of Nurombarg. In 1619 
Ciaude Gospord BachoC do Mezirlac (1581*1633) published 
in bis Problems Plaisants, a general role for squarea oontaining 
an odd number of oells, but could not find a solution of aqnares 
oontaining an even oumbar. Bernard Freaiole de Bessy 
(1605*1675) made a real advance beyond Baehet. He gave 
rules for the construotiou of both olasaas of squares and even 
discovered squares that maintain their churacteristlos after 
striking off the outer rows and columns. 

More modera worka are due' to Koohunsky* 1686 ; to 
Sauveur* 1710; Co Huge], (Ausbacb* LS59) ; to Pvssl (Am berg, 
1878) i Co Professor SobefTler, 1332, and to Thompson (Quarterly 
Journal ol Mathematics. 7ol. X). 

In 1903 Harmanu Sobabert gave useful biota and inf or* 
ma^on regarding magic aqaares in bis Mathematical Essays 
and Hecreatious. 
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Sff q dft sr I 

<^) fimr^ fk!I^ Ct?rr% ;ffw?r> 

(51) *rg ^ nr gj^r ^gfr gn:* 




( ) 


km- 

0 

1 

’ggr^ ^ 

^T %xft? 

5i?p5it^sfe i\'s\ 'I 


swa: I 

^ftnat« gst: I 

?J8T ^ v\ WTwjf OTcrr ^si=it« ar 
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%rfer»rf i. ^ 55«^: i ‘Snit 

5rnft «i;< i 

a«r ^ «nwjf ^icii© 

^T I 

■^rferwf^^ifiviTin 

=ft5! ^rl: I 

?^iHT g ^ ^ iic«ii 
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55^ 

5^ra: 

^OTf» ^HT f. 
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■^5 ^nrftgtfT: 

^et, o:*^ 9^55* ^ fir?fWw qr -g^?T 
nvf 
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